Introduction {#S1}
============

*Correct* upright posture is considered to be an important indicator of musculoskeletal health. *Incorrect* posture in turn is regarded as a possible factor for the development of cervical and back pain.^[@R1]^ In recent years, children\'s posture has been of growing concern to parents, teachers and medical professionals due to observations that it seems to be impaired compared to previous generations.^[@R2]^ Nevertheless the quantification and analysis of spinal posture and pelvic position in children has received only scant attention and the question of *what is normal posture in children?* still remains to be answered.^[@R3]^

This seems not surprising, as varying analysis techniques were often utilized to measure spinal posture. Early studies used e.g. external measuring devices such as the kyphometer or the inclinometer.^[@R4],[@R5]^ Since 1970 the Moiré-phenomenon was commonly used to analyse the back surface. Until today this method has not been well established because of a lack of well-defined methodological procedures. Recent video based measuring devices produce more reliable and precise results, but most of them are rather time consuming or can only be operated by experts.^[@R6]^ Other automatic systems, *e.g.* 3D ultrasonic devices, need reflective markers to detect anatomical structures. Because of these problems radiological imaging is still the gold standard in the analysis of spinal posture and pelvic position. Due to the problem of radiation exposure, x-rays are not feasible for epidemiological questions or frequent measurements in routine diagnostics and long-term follow-ups.^[@R7]^ One method that has been used in clinical routine for many years and that has considerably evolved over time is rasterstereography.^[@R8],[@R9]^

Purpose of this present pilot study was to measure and analyse the spinal posture and pelvic position in children between the age of 6 and 11 years. Further, we were interested in acquiring rasterstereographic reference data for future comparison with children that have spinal pathologies like *e.g.* scoliosis, back pain or Scheuermann\'s disease.

Materials and Methods {#S2}
=====================

345 elementary school pupils (168 girls and 177 boys) between the age of 6 and 11 years were measured in this study. To further analyse for changes in spinal posture during the second growth phase, the children were divided into the following 12-month age-clusters: 6--7, 7--8, 8--9, 9--10, 10--11 years of age. All pupils were grouped according to their actual age on the day of the measurement as shown in [Table 1](#T1){ref-type="table"}. Parents of all subjects were informed about this study and gave their written consent as well as were given the option to quit participation of their children at any time. The institutional ethic committee approved the study protocol. Body-height and weight were measured and the body mass index (BMI) was calculated resulting in an individual percentile according to Kronmeyer-Hausschild.^[@R10]^ Since we were interested in reference data of healthy kids, children with back pain in the last year longer than three days, with a BMI \>35 kg/m^2^, scoliosis with a Cobb angle \>50° and a history of spine, pelvis or lower extremity fracture, were excluded from the study.

Table 1Anthropometric data of the measured pupils separated by gender: the mean age, body mass index (BMI), weight, height, standard deviation (SD) and number of subjects in the selected age groups (N) are shown. Weight, height and the respective BMI increased by age as expected with an almost comparable trend in boys and girls. The increase in body height was significant, with a difference between the youngest and the oldest group in both sexes of approximately 20 cm.SexAge (years)Mean ageSDBMISDWeightSDHeightSDN.Girls6--76.540.2815.741.7423.394.361.210.07247--87.500.3215.751.7125.013.871.260.05548--98.490.2716.902.8429.896.381.330.05409--109.490.2717.832.2434.394.881.390.052710--1110.430.3117.893.2635.776.901.410.0623Total girls-8.321.2716.652.5028.926.911.310.09168Boys6--76.700.2615.811.7924.523.941.240.05237--87.470.2216.682.2727.045.241.270.05408--98.480.3016.692.5430.516.911.350.07439--109.440.3017.502.7034.127.301.390.074510--1110.470.3317.702.6036.176.381.430.0526Total boys-8.561.2416.922.4930.677.341.340.09177[^3]

Spinal posture and pelvic position were measured with the rasterstereography system Formetric® (Diers International GmbH, Schlangenbad, Germany). Rasterstereography is a method for surface measuring, which was developed in the 1980s by Hierholzer and Drerup.^[@R8],[@R11]^ Therefore, horizontal parallel light lines are projected onto the unclothed surface of the back by a slide projector. Next, a surface reconstruction of the back is performed by transforming the stripes and their corresponding curvature into a scatter plot. The acquired space coordinates are used to reconstruct the back surface according to convex, concave or saddle shaped areas ([Figure 1](#F1){ref-type="fig"}). Then, a model of the spine can be calculated based on the specific convex shaped form of the spinous process of the vertebra prominence (VP) and the concavity of the lumbar dimples, which all are automatically detected by the system with a standard deviation of ±1 mm.^[@R9]^ Using this model, transverse and sagittal profiles, the spinous process line and several spinal angles and indices can be calculated. All measurements were performed with the children in a neutral upright standing position. The neutral zero standing position was defined as the spinal posture in the erect, with the arms hanging down laterally to the body, barefoot in a comfortable standing position with extended knees. Marking the position of the feet ensured reproducibility of the foot position. For the purpose of this study it is necessary to define certain terms regarding the parameters that were measured. The pelvic tilt is the amount of tilt in degrees or mm from the horizontal of a line between the two lumbar dimples DL (left dimple) to DR (right dimple). A positive value indicates that the right dimple is higher than the left and a negative value indicates that the left dimple is higher than the right. The pelvic torsion measured in degrees is the rotation of the surface normals of the two lumbar dimples (DL & DR). A positive pelvic torsion means that the right hipbone is oriented farther anterior than the left hipbone and a negative value signifies that the left hipbone is farther anterior than the right hipbone. Pelvic inclination is the mean vertical torsion of the two surface normals on the dimples, where a positive pelvic inclination signifies a mean vertical component upwards and a negative inclination a mean vertical component downwards. The lateral deviation is defined as the deviation of the spinal midline from the line between the VP to midpoint between DL & DR (DM) in the frontal plane. The kyphotic angle is the angle between the surface tangents on points VP and the calculated spinous process of the 12^th^ thoracic vertebrae (T12) and the lordotic angle is the angle between the surface tangents on points T12 and DM. Trunk inclination was calculated as the distance in the sagittal plane between VP and the lumbar dimples (DM). A positive value was interpreted as an increase in inclination in an anterior direction, whereas a negative value represents a more upright or even hyper-extended standing position. The lateral distance between the VP and the DM is called the trunk imbalance. A positive value signifies a shift of the VP to the right and a negative value to the left.

Figure 1This figure shows a rasterstereographic measurement of a child. After the acquisition of the picture with a digital video camera, the image is then analysed by the computer, the anatomical landmarks are automatically detected, and transformed into a 3-D surface map of the back surface. The red colour on the back surface represents convex surface areas, while the blue colour stands for concave surface areas.

Data analysis
-------------

Statistical analysis was carried out using the Statistical Package for the Social Sciences, version 20.0 (SPSS, Inc, Chicago, IL, USA). Descriptive statistics represents mean values and standard deviation (SD) for the total population, as well as for the individual sexes and age groups. Differences between the sexes were tested using a paired t-test. A one factor ANOVA and a post-hoc Bonferroni test were used to calculate for differences.

Results {#S3}
=======

Children\'s anthropometric data as shown in [Table 1](#T1){ref-type="table"} were within a normal range.^[@R10]^ Weight, height and BMI increased by age with an almost comparable trend in boys and girls ([Figure 2](#F2){ref-type="fig"}). The increase in body height was significant (P\<0.05), with a difference between the youngest and the oldest group in both sexes of approximately 20 cm. In contrast to the measured body height the measured trunk length increased non-significantly (P\>0.05) from the youngest to the oldest group (girls 0.5 cm, boys 0.4 cm) as seen in [Figure 2](#F2){ref-type="fig"}.

Figure 2Mean and SD of the variables trunk length (left) and body height (right) across the age groups, separated by sex. In contrast to the measured body height, the calculated trunk length (distance between spinous process of the 7th vertebrae to the midpoint of the lumbar dimples), increased only slightly from the youngest to the oldest group (girls 0.5 cm, boys 0.4 cm).

Spinal posture
--------------

For all age groups a mean kyphotic angle of 47.1° (SD±7.5) was measured. The kyphotic angle did not show any significant changes (P\>0.05) between the measured age groups. In girls, the respective angle was 47°, whereas in boys a small not significant increase (P\>0.05) by age could be noticed from 44° in the youngest group to 48° in the oldest. There was no significant difference (P\>0.05) between boys and girls ([Figure 3](#F3){ref-type="fig"}).

Figure 3The kyphotic angle did not show any significant changes between the measured age groups. For the lordotic angle, we observed a small increase according to age, that was more pronounced in girls than in boys. However, no significant differences were found between the age groups or genders.

The lordotic angle was determined in our study with a mean value of 42.1° (SD±9.9). For the lordotic angle, we observed a small increase according to age that was more pronounced in girls than in boys. However, no significant differences (P\>0.05) were found between the age groups or genders ([Figure 3](#F3){ref-type="fig"}). Trunk imbalance in girls (5.85 mm ±0.74) and boys (7.48 mm ±0.83) varied only little, with boys showing slightly higher values than girls ([Table 2](#T2){ref-type="table"}). Remarkably, the youngest boys presented the highest deviation in the trunk imbalance (7.35 mm ±0.89). Lateral deviation was comparable for all age groups and genders measuring a mean value of 4.8 mm (SD ±0.58). Trunk inclination did not show any significant differences (P\>0.05) between the age groups in boys or girls. Girls\' inclination was 2.53°±1.96 with a tendency to decreasing angles by age and slightly smaller compared to boys (2.98°±2.18) ([Table 2](#T2){ref-type="table"}).

Table 2Mean and standard deviation (SD) for the spine and pelvic parameters. The mean trunk imbalance varied only slightly between the age groups and the lateral deviation was comparable for all age groups and genders. In addition the trunk inclination showed no significant difference between the age groups. There was no significant difference found for pelvic tilt, torsion and inclination between the age groups and gender.Trunk parametersPelvic parametersSexAge group (years)Inclination (mm)SDImbalance (mm)SDLateral deviation (mm)SDTilt (mm)SDInclinationSDTorsionSDGirls6--6.93.42.36.494.634.52.12.391.820.07°6.481.39°1.057--7.92.92.35.093.84.72.32.592.3418.31°5.632.15°1.538--8.92.51.75.34.144.82.33.462.7818.6°6.221.35°1.289--9.91.71.66.774.474.72.32.61.9420.81°4.121.92°1.5510--10.92.21.95.594.176.34.13.051.7421.41°3.361.07°1.06Mean2.62.15.684.164.92.62.792.1919.68°5.451.66°1.38SD0.66-0.74-0,74-0.43-1.35°-0.44°-Boys6--6.92.728.794.994.12.42.512.2219.23°4.861.38°1.257--7.93.12.47.295.274.42.12.78219.01°7.191.71°1.88--8.92.92.27.635.525.22.82.481.6919.22°5.571.33°1.259--9.92.82.16.554.564.722.72.3920.82°7.540.72°0.6410--10.93.32.17.124.54.62.23.581.6524.3°5.671.53°1.38Mean32.27.355.014.72.32.711.9919.91°6.081.39°1.36SD0.24-0.83-0.41-0.45-2.24°-0.38°-[^4]

Pelvic position
---------------

A mean pelvic tilt of 2.75 mm (SD±0.44) for all age groups and both genders was measured ([Table 2](#T2){ref-type="table"}). No significant differences (P\>0.05) in pelvic tilt were found between the age groups. 19.8° (SD±2.24) for the pelvic inclination and 1.53° (SD±1.37) for the pelvic torsion were measured. Here also no significant differences (P\>0.05) for both parameters between gender and age groups were found.

Discussion {#S4}
==========

To the best of our knowledge this study provides the first systematic analysis of spinal posture and pelvic position in children measured with a rasterstereographic device. Growth in children can be divided into three phases: infancy, childhood and puberty.^[@R12]^ The infancy phase extends from mid-gestation to the age of three, while the childhood phase starts at the age of three and ends with the beginning of the puberty. We have focused our interest on children in the second growth phase during childhood. We did not examine children younger than 6 years, because they were not able to follow the instructions given to stand still during measurements. Further studies will have to follow to analyse the posture of adolescents during puberty.

We used a rasterstereographic device because of its high accuracy and reliability, which was shown in multiple studies.^[@R13],[@R14]^ In comparison of rasterstereography to radiographic measurements, Hackenberg *et al.*^[@R15]^ showed a good correlation of r=0.89 for the frontal deviation in subjects even with scoliosis. Good reliability was also found by Goh,^[@R16]^ who analysed healthy subjects. Because of a strong correlation (r=0.99) between the two lumbar dimples (DR and DL) to the underlying posterior superior iliac spine,^[@R11]^ rasterstereography can also be used to determine the pelvic position.^[@R17]^ Compared to other methods, rasterstereography has several advantages, especially for back screenings and follow-up studies.^[@R6]^ Due to the projection of visible light, subjects are not exposed to any harmful radiation. Furthermore, the shape of the back can be visualized three-dimensionally and the calculated parameters represent three-dimensional-space-coordinates.^[@R6]^

The overall increase in BMI, body height and weight reflects a normal development during these age periods.^[@R10]^ As shown in [Figure 2](#F2){ref-type="fig"} the parameter trunk length increases in a lesser amount than the total body height. This can be explained by the fact that most of the increase in height comes from an increase in leg length rather than from the spine itself in these age groups.^[@R18]^ Although the correlation between rasterstereographic measurements and standing radiographs has been shown to be high for both lateral and frontal plane values,^[@R14]^ sagittal parameters e.g. kyphotic and lordotic angle, cannot be compared directly because of the different technical setup of the systems. The rasterstereographic reconstruction of the spine has been shown to be good in comparison to radiographic measurements, as well as in scoliotic patients with Cobb angles up to 50°. Even there the root-mean-square was only 4 mm for lateral translation and 3° for vertebral rotation.^[@R19]^

So far there is no data available describing the spinal posture in children measured with a rasterstereographic device. Since there is a growing need for normative posture data because of increasing incidence of impaired posture and back pain in children,^[@R20]^ we consider this study a first step into further analysing and describing children\'s posture. The cross-sectional design of this study is a limitation that has to be kept in mind when interpreting this data. In the future a longitudinal study protocol would be beneficial to further determine the intra-individual changes in spinal posture and pelvic position during growth.

Using radiographs for the evaluation of normative data in a large collective is unethical because of the radiation exposure, which can be associated *e.g.* with an increased breast cancer risk as shown in patients with scoliosis.^[@R7]^ Therefore, we refused to conduct radiographs as a direct comparison to rasterstereographic pictures.

Since this is a pilot study we compared the found values with the present literature of radiologically/clinically measured spinal parameters and with rasterstereographic reference values of adults. In contrast to studies of Willner, Widhe and Poussa the increase of the thoracic angle in our study was only marginally pronounced in girls with the means in our collective being generally higher.^[@R2],[@R21],[@R22]^ The described differences can probably be explained by different measuring methods. Widhe *e.g.* used a Debrunner\'s kyphometer and Poussa an inclinometer to determine the sagittal angles. Although the reliability of these external-measuring devices has been reported to be satisfactory, their validity compared to radiographs measuring the Cobb angle is considered to be only acceptable for kyphotic and inferior for lordotic angles.^[@R23]^

Previous studies have shown that growth and age might have an influence on posture;^[@R22],[@R24],[@R25]^ *e.g.* Poussa *et al.*^[@R21]^ examined children between the age of eleven and fourteen and at a follow-up at 22 years and Widhe *et al.*^[@R2]^ measured children between five and six years and again at fifteen years. These studies showed that the peak height velocity occurred in girls about 2 years earlier than in boys.^[@R21]^ This might explain the here measured greater kyphotic angle in girls compared to boys. In studies using radiographs to measure the kyphosis according to Cobb, a major difference between the sexes in children and adolescents was not observed.^[@R26]--[@R28]^ Moreover, Propst-Proctor did not find an influence of age on kyphosis.^[@R28]^ So the kyphotic angles found in our population concur with the recent radiographic studies.^[@R27],[@R29]^ Compared to Poussa *et al.*,^[@R21]^ lumbar lordosis increased slightly by age groups, more pronounced in girls than in boys. This supports the observations by Widhe, who found a progression of lumbar lordosis which was slightly more distinct in girls.^[@R2]^ Mac-Thiong *et al.* also found a trend to higher lordosis in their older age group more pronounced in girls than boys.^[@R27]^ The mean values and the increase between the two age groups were somewhat higher in their study compared to our population. These differences again might be due to the different study populations and methods used. In 2011 Schroeder *et al.* compared rasterstereographic values of adult low back pain patients with 177 healthy subjects. They found mean values of 48.2° (SD±9.0) for the kyphosis and 39.3° (SD±7.4) for lordosis in adults with a mean age of 27.1 years. These results are comparable to the values (kyphotic angle 47.1°, lordotic 42.1°) that we have found in children, suggesting that sagittal parameters might not significantly change over time.

So far only little is known about changes of the frontal parameters of the spine. Schroeder et al.^[@R30]^ determined trunk inclination with 12.3° (SD±17.9) in females and 10.3° (SD±16.4) in males. With values of 19.91° (SD±2.24) in females and 19.68° (SD±1.35) in males in our study, there seems to be a difference between adults and children suggesting that children might have a more upright posture. Interestingly, in our study the lateral deviation and trunk imbalance remained almost constant with increasing age.

Looking at the current literature we hardly found suitable studies, which referenced the pelvic position in children. Because of that we had to compare the results of our study with the data from Schroeder *et al.* in adults.^[@R30]^ For pelvic tilt Schroeder measured 3.45 mm (SD±2.6) comparing to 2.75 mm (SD±0.44) in our study. The pelvic torsion in Schroeder\'s study was 2.15° (SD±1.7) and in our study 1.53° (SD±0.41).^[@R30]^ By analysing both results it seems that there is no difference between adults and children for the pelvic position.

Conclusions {#S5}
===========

For the first time rasterstereographically measured values of spinal posture and pelvic position in children between 6 and 11 years have been determined. Rasterstereography seems to be reliable for the analysis of the spinal posture and pelvic position in children. Further studies would be feasible with a larger number of children in a longitudinal study protocol to gain more data concerning an age dependent development.
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